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( 

B3Sfc*fr** £j£3nfcj£i£**DM* (PSF) £g 

c. mfc&f&tett p s e *jhht. &&^<&it# (p 

OCS) 0 , <£#&&B&;6>£iS#&&i®&££J5£ 

d. ffiKiS#ft&B»£^'rs;*7 1 '.y?\ 

if* 

b. #®*ti5^S. ffigB£i|^#»&B«£-tn0l* 

c. *M«J»n©#te#**BB<bB*fc»bT, m 

a. ¥>#$£&&m^T. &{&M&mmm<D.& . 

b. ifH2W^it>^U >^T/S-^*C0P S FSrtf^C-r 

c. ^PSFS^tSXfy^t, 

d. ^®^<DtH¥$nfc P S F Srft^tt P S F t£f& 

[B*E4] miStm 1 lCE*©;frfeK:*5HT., POS 
C Id <fct>TiS#fc£Bfft££^T*H&IB;*X!y b 

a. {&#tt&B$co i os:, mM&mmm<D£&(Dmm 

^^T^^^tc j: DKifixfy^ (i) &mmm 
nrcis^o^^p sf^ &Mm&mm<Dm&v>mi£m- 



2 ) ^i? 8 - 2 6 3 6 3 9 

2 

iiiti^i, (3) t&ftmvizrLtzmmmtitwzti 
fzmmM£<Dm$:#zb. s£ s a* ffi w fit £ 

mzmto& (back project) -f5, 

d. ±E»2©Xfy^tSg3©Xfy^> ffitgtp 

JC IB© <D Jj & £ m fc- & CO {g;^^ £ t* x * -f * - v K $ 

fftgBfc££j£-r*£fiT&»), j^t^^o. 

a. a >fifc££dc?**IgB£j£ 
(source) , 

b. s&ia-*<0i£aittgB*£3#L. &mmmm&* 
20 4fiit6Mi"ricSi-e* o . (i) &&Mmmmmiz 

^t§7ye>y«^4^i, #iE#«£B«<&B3t 
£K*m£Bfc©&eicv (2) kbsv 

T^^$nfc ( won^ (psf) 

(3) fnfSB&ttP S F £JBV>T, am^^colt^ (PO 
CS) fc<fcO, 1K*BftB**>&ffift*&Bfe&££'r 

30 [ 0 0 0 1 ] 

m\zm-rz>. &K>mm\z\t* ctiur) <w-fx©ra 

ll^^L, ftlc<E>*&T (arbitrary lattice ) ±^7> 
^— ^>yj >lf£tlfZ (under-sampled ) — ^O^E — 
^3>@& (motion image) ^ €> JfiS»«§[X ^^UBIft 

(still image ) £ £ fC 3 . 

[ 0 0 0 2 ] 

-v>zfv>t/zn. tew*; * x\z&z>no&{£ifi& 
40 ^tistfijfto^e-^g >B« cr&fr*£ffl*f£te«:*tr 
^^ccosi^) ^^SSW^^tOX^^BfftSS^-TS^tt 

[ 0 0 0 3 ] ±i30cfc5fc{£#{&&©&te, ^^E 
50 bCD&£±T# 7-^A-^^*^>^U >^-T^^^- 



( 

3 

fn^d^AenS. -T^*5"&, -fe>^m5^ (sensor i 
ntegration ) , i/— > £ fi j* =? (DftttMWl * J >Mu 

[ 0 0 0 4 ] 

[ 0 0 0 5 ] *imf)Pfg 5, 3 4 1, 1 7 4 ^(^- 

"9 o 

[ 0 0 0 6 ] -t>-V-\Z&nzmftK&<z>T&VZ&VtK: 

i/a >#tf : mm* mm (occlusion), s^i^j 

(M.Irani S.Peleg. J. of Visual Comm. and Image Re 
presentation, vol.4, pp. 324-335, 1 9 9 3 ^12 

flj&j ( IEEE Int. Conf. Image Proc. , (Austin, TX) , 

i 9 9 4^ii£) ; mm&miz 

±j (M.Irani S.Peleg, Grafical Models and Image P 
rocessing, vol. 53, pp. 231-239, 1 9 9 1 ^5^) \Z 

-^t^Ba«:#iai:Anti5^f, mWl&ft (motion b 
lur ) fcjggjK&oT^fcH. ±&<Djjm\t. 



3 ) ftfflW- 8-263639 

4 

y?-u-x£ntz\iT*frZ'&rch<Dx&z>me>\z 

[ooo7] a. m. y-ti jizfmiz&z r&Mmmmm 
^-*>xfr$<D&m&&mmm4i. Rzt^m&it (s P 

10 ace-varying ) Mi^W.7L} (IEEE Int. Conf. Acouus 
t., Speech, and Signal Proc, (San Francisco, CA), 
vol. . Ill PP. 16 9-172, 1 9 9 2 ^3^) iCfc^TlftW 

(pocs) izm-3<jj&rfm^t>t\T^z>. z.<Djj& 
\z. *L>vmft\z «k*t*w\ ^^y-rxtc^br#itb 

i/ iy i/y^A*si«fc-e(Ojiffi^E^$nT^s. 

[ 0 0 0 8 ] 

K'J7'»^ (fiE^(0^^±O^F B ^T>^-^ 
>:/U >^fc££) . -fe>^©ktj- (ir >ittc^tt^>^ 
P3«5K Rtf ^->£iz>1f(Dffi#a*rti&*«^©7 

(&,£tO(*tt/tU>XtcJ;.5) . R^y-fX (-tr>U& 

[ooo9] *«^o»j<DBWtt* i^^f^^'j >^©ra 

30 JUL S^U7'»^, -fe>^II^tC^^)^tt. ft^ 

*H£tt> 5S»«W, Xfc«k*i>5lfe©j£«£^£K:# 
co J: "9 > *^^JCcfcnti, i§SS? 

[0010] tt^fcDit>yu> 

[001 1 ] *fgBJ(7>3gft<5 B«(t, 1*>X'J >^&g 
[0012] *fg9J©BU<0BW«, i^^^^^e- K 

so -r^*>^, mttm®'?z>mffiwm&m>mizi&r)&$. 



( 

5 

^n^^^^^ii^n, 7j^-7^;u^r u-c (cf 
a) t-s^o^^ct oii5^^r^r B ^^-t)->y u 

[0013] ±EB«tt. *»W^<fcO, -g0><£#& 

V^f5. fcr>^3£&£m>T, ^JBfc (comb 

ined ) jfttttfDNft (PSF) &&Mm&mm<D 

T» O^-o^Oltj^ (POCS) (projection onto co 
nvex sets ) tcJcD, i^ft*a**> ftABflktf 

[0014] £*T©J: 5fc&*£W-rs. A 

#tj^ (pocs) k:a6T?<*ft*ffi^T, /-f 

JUitt^ (motion- estimates) £ US # & <5 d 
[0015] 

ns. s«£nfcaf*w:S*Bfc£i¥tfn, c:<z>i®&£ 



4 ) 8 - 2 6 3 6 3 9 

6 

[0 0 16] ^llt 300±I^IXfym 

ts. hi ic£-2€riftiB-ra. f*s i ©fflixfs/ :/ 1 2 

a^IS^ns. #ffcBS&*3£ (fractional p 

ixel accuracy) *G1r Z>ffl%\<DV%mM7 n y ? ~? y ^ > 

10 SUfcfc, #S«p§«lFf& 5 , 2 4 1, 6 0 8 ^( 1 9 9 3 ^ 
8^31 B2§fr, £9!^ : 7*-^) icHB^SftTH 

Iltf^ (locally t rans 1 a t i onal motion model) 
S^tv^. Sfc-tt, 6lTft:KMt*J:5l:, 77^ 

/u#r (shear ) S^x^t* £ t> £>T& 
[0017] ffl 2 (D&WT.TV 7 P 1 4 Ttt, miO^x^ 

20 7i 2 iz&^T&f&znrcw tf >^^^ii«t, 7/1 

~^*I3IBL -tr>^^H (geometry) , 
3&«0RI» (PSF) , 2fctf»#«&-i)-'>:/U >^&fa 
(HR) fcJfll^T, ^tPSF^iai^^ cn 

&tft>-tft;:*3 

te, {fcTgfifc^ExJU (image formation model ) iC^t?U 

[00 1 8] I3CDXt^^1 6 tCiJ^T, 
*MlS$ns. :0Xr^TH MKWPSF. 

mio^ POCSi:i^<Mtii^ns. c 
(o^m\z^>^x\t, r&m&m%k<D&bmRztmm®mm 

m^<o*:<Dfom\ (M . 1. irif>l\ rgaffi^j . 
1 9 9 zszwnm* 55-6 co^^tc 

yi8(C^^T, 4^$nfcSi«gifiitt, CRTS 
rz\*7V >* ft. ZOr* X^H«i:^5ti5. 
[0019] S^^>Np^rS^S^> 

y u >^/i^->(c e toT-t^>7 p u >^$n^> z. t h$> 
*)>#rt?->\z&^Tmm&}te%Lit*7K'T. i&M&& 
»^S2l:SSn5. A^-> (a) li^7t>Hi 

©^T-^> n^-> (c) fi-r u-x ^nrcis^ 

50 ^ITl^. (b) RZ^ (d) te, i^^^^ 



( 

7 

m&i>m£2titzJ:*)mm&<Dfe?*7KisT^z>. miz 

mmmtznz. ^<D&?tzmm\z* m^nmmmm\i 
[oo2 0] i3i:(t *%w<Dnmiz'&±L-Dmmrf7K 

3-y/VCR20, f>fy^^5 : i^^7 2 4 4 x 
^>^J^7t^A3-^.2 6, f^y^J^ + tt2 

SUB 1 *" £^ v^;^- V3 >@&gd#*S&2I££: 

132(t /Xy— P Cfc£<Z>3 > b^ — 3 4 , -j&tfj 
X^K36, K 3 8 £ "7 ^ X & £ O 

iz&Mm&mmztt&-? zmm * y vi-v 4 4\z& 

[ 0 0 2 1 ] ^^(D{£^^^®^^3 >trzL-^§£@3 
2 JC«$&$tlTCRT 3 6 \Z$t^£t\Z> ri-lfte, 

&mmz"t<Dm®.izmfe?z> z. twv^z. m4\t. - 
m<D{&Mm&mm 4 6 , 48, 50**1x^4. - - 

tch(D\z. &Mmgtv>yv yt/mft-tiznzizti. t 
<D&&t)mM&mm&<Dte?±\zy<y >tt>yu>^$ 

m4<D&x*te. A<Dm&ttmmm 5 2 $mlt^ 
nrcK&mm 5 2 fcttffi^sra«£«s:«jK:s83£*r3 £ 



5 ) 4t^¥8 - 2 6 3 6 3 9 

8 

[ 0 0 2 2 ] A. v-y bf >£^& 

^ s m & (D n -e* * ^ g m m & t c m ? z> m m tfi m 
3t<*n, zcdi&m. Mm<D&Mm&mm\zttisT. cm 
- 1 ) mnmm^z h)i>m&m*>n. cntcctov^e 

10 t4 6^6lflt4 8^^011^, ^ft^-^ifj 

[ 0 0 2 3] IiMI^4 6, 4 8, 5 0, 5 3 fc£, 

20 So #J£LT, y-fytVH^OiM^AMfS 
4, Rtf^nC^fSiiftgCjeMf 5 6^06 

fc«)fc©*fflii^n, -?-©ffc«flfc^£*u pocsci 

e>*i*. 11^.^ h;u«, <£#&£n&<B^n-e**i<z>^ 
^<DiM^tc^bTJi^$n, -eo^> (M-i) ©Co 

[ 0 0 2 4] yD7^V 7 ^>^S©i^, ^-CD^ilb 
\$. mWr&)&W) (locally trans 1 a t i ona I ) 

ifiiH (approximateion) ^^ilWt^^. M. fc'7 

u>^fcj;s tmmm^uv v^yviz^z^tiLm 

(Proc. SPIE Visual Communications and ImagePro 
cessing'88, pp. 942-951 , 1 988) SBiR V> V£M tti'z? D 
yt^y^ytfjjm (HBM) SrJfi^T, ^-Oli 

tt, ffll^^Dy^ra1©5F^*fe*tM (MAD) TfeS. f5g 

[ 0 0 2 5 ] 5 l/^;i/fl)HBMS*ItSOl:ffl^4i 
40 tCDT^S^iS^A^^ — ^M^^ 1 »C^£n.TlA5. 

[ 0 0 2 6 ] 
[^ 1 ] 
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( 6 ) 



Tf, (variance) h iM X<D 2 #<Z> 1 fC^ 

ggiHT&S,, -fr^U-V^U >^&lfc (SSF) fcfc, «9j£ 



£) tM#^iv^>^«ft li^yD^? 

li 0 T&CDrt? * — $ c ■ -c, Cctot 

(inter-image motion) 5: ^ -rJUT 3 (Dfftff- £ b I* „ 
[ 0 0 2 7 ] 
[ft 1 1 



(X) 



P. A*-K R. t: > n* ^ - ~ , S. ^ U ^ £ , 
r 2 j£#IB»»»>£i££-r*fc«><0 3 7 l/-A^j 
(IEEE Trans. Pattern Anal. Intel., vol. 14, pp. 8 
86-896, 1 9 9 2 ^9 kWfi) Z<DW.fe 30 

^STIi, £mmRZfimm&)tfLmm®i (derivatives ) 

* mm? z ^r*mmmz. &mm&*>i>iz 

Isfz 5 x 5 > H ^^jg^r^) (fit ) 2-D2# 

£i®iSiiC:i3tt* 2,&*rPSii(riSi£$M2-point finite forw 
ard difference) £/B ^Tgtffi £ tl£ . Ctl^cO^^ft 
^li^^^JC^^^, 1 1 x 1 1 <Dmm^-^n (Pixe 
luni form blur) £ Jfl t>T®fc * -B\ /<X©j| 

^t, ttK&snfcii^^ffiiaiftojKfe^v^^ (Wit 
i». w> ^nfnifiisns. ufc^^r, 

GBfrZmmRZf 2O0fi| (W^ll YUV) ^<Z>£ 

[ 0 0 2 9] B. ^^PSF(D ; &T'J>^R^Itf 
^^PSFCDIrlli. «^l^ttriH:I^<, £AT 

^x^^ffl^T^^P SF^ItH^n^ 50 



[0030] A*snfcte#»g®«.&. 

Soffit, KiS^T, |^Iy7h|| (LS 
>fk (discretization) IC3UT©ttW^SnS. CI tl 

tt<E>n&. tit, cntfMWL&i&i&tetfP s Fti$ 
na^psF £*raiT*^i»Wft;fr ft*. 

[ 0 0 3 1 ] £M&*LZJk 
TViS. gUC&^T, ATjft^f (x, , X: , t) 

?t£t}%^>vfc%L±.<Dmft\z&z>\zv. &zf?t¥ 

ft&mQ>&Vttfi\ S7»^lg60 tiS^T^xJUSn 

i^Mft^i®^ f (x, , x, . t) tt. -fe>^o^ 
tf£^-r&h. (x, , x: . t) tft^&i&tt&h. 
(X, . X: , t) ^)?X^i:^^$ti5. ^ti6fd:tt> 



( 7 ) 
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[0032] TA-^^^m<Dmm\t. b^-f^o 

(time-domain integrator) K: <fc o T * • 0 7 <Dfg 

2 & 6 2 tC^^T^x u >^^tm^. -eowara;. 

[ 0 0 3 3 ] 
[ft 2] 

* 2 <*i . *2 • 0 ~ ^- J {-r, ft (x\,x 2 ,x)dr 9 12) 



12 



10 



fii-e&s. :nit % i 6 0t^£PbW&;&^>:7 h 

(LSI) T*& 0 . m 2 CD© 6 2 jWSmftft l s I 
[ 0 0 3 4 ] 070^3Og64Tlt ttit^SRI-B* 

rate ^ a, *m^xfom&&v>7*) 

Z>. COD^Oom^H, g, (m, , m, , k) i:ioT 
^$nx^5. f£*A>£, ^ft^l^ft (function argum 
ent ) iLT^n&Igftfiim, , m, . k # CD 5£ i;: & 

[ 0 0 3 5 ] 
[ft 3] 



[3) 



(x, t 



[ 0 0 3 6 ] gftfe^tt^JP 

m^mm^^y'ji^zmm^^^^m^^/vx. @ 20 
mmvmmm&wmtomizv^L s v mm 

[ 0 0 3 7 ] litf^i^fiJEtriHcM^ns 

X, f-0L SVii^^^t^Ct^tf 5, c z 
X. Sf, SIfr£#CD^lC:fc^T^;L3 d t 

[ 0 0 3 8 ] 30 

[ft 4] 

= /(Af C*,M r ),f r ) = /(x, r t / r X (4 ) 

±5UC*5^T, xtt (x, , X: ) £^bT^£o M 



>y£&T&*. CCDjU** jHfri&lil (motion traject 
ories ) (C^^^c^^iliJt^^^KO^^^feT^bfct) 
OTab^o h, (x, h) = h. (x, t) **h 
. (x, t) ffZ> Z t \Z i^T, ^^U>^comi^ 

[ 0 0 3 9 ] 
Eft 5] 

ft (z,X) = jA 1 (x-x)/(X^)^X (S) 



2£ft 

[ft 6] 

Xr r =M(x,t t t r ) 

Z&fct'lt, ^ (4) &fflt^iil:J;0- 
J^TcDcfc? \ZUZ>. 
[ 0 0 4 0 ] 
[ft7] 



(6) 



it (5 ) \Z 



ZZX, M" fcl;jfi5&&£a.L, J (M) «MOt3t?7 
>£^b, I. Itefr^f^fflffl (operator) ^^bT 

^ (6) T^b. ^e^;i/c7)^ 1 ^tiL s v^-^ v— 
> 3 >\z&m-znx&.?). mmt, iz&vzmm&mm 
mz&mvx^%z.£'hmt>frx$>z>. comss* 
-r^fc^tc, frit (7) ±>v&m<D&m* x^te 
tt, R^ffi^5iiij^ j ex;i/'r^, ^Lsvtfuw 

OUSft (PSF) 
[ 0 0 4 1 ] 
[ft8] 

B#ra t fc;fctt*liifcffiS&^Lfc*>©T& 



*{tV*&*lT (imposed ) l^, £<&iJCD|&te. B#Pb1 t , 

40 ®^7 o\zmt&2tiz>y v v>?m&<DM&x$>z>. 5£ 

(6) LSV^^Tif Ift, 

ft (JC.0 = J*| (jc; jr /r ; /,/ r )f(x tr .r r )dx tr ( 8 ) 



[ 0 0 4 2 ] czx. 

[ 0 0 4 3 ] 
[ft 1 0] 



( 8 ) 



13 
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(9) 



mft<DMP?$:&?LZ> - ttC«t 0 , ±^«aTcOct^H^ [ 0 0 4 4 ] 

<5. [ft 1 1 3 



(10) 



(11) 



[ 0 0 4 5 ] d c^> J; "9 H , tr , J>y0l^©2'3(O^ 

icfe/B-rs. cntc^o* 
nfcl£*ft&-r l^P^t, fc^magift-rsffi 



-So 

[ 0 0 4 6 ] 
[ftl 2] 



(123 



±3tlZ&^T. h, (' ) MxdLSVf^tPSF-C^ 
0 > Hft3l#ft (integer auguments ) m, , m, , k 

\tt (3) K*v>T<hi^— ©fim^-r*. 20 

[ 0 0 4 7 ] iHiHb (discretization) 
5£ (1 2) fC:fctt£L S V&ttl8^£*1iHfcU mmz 



^ ^ T, mWl-f f (x, 

[ftl 4] 



x , 



t, ) 



2 - 



30 



(n, , n, , t r ) %mf&-tZ> ( (n, , n, 
[ft 1 5] 



) 



^. CO^cDitm^im^^^'tt^^ (discrete 

superpos i t ionsummat ion) £: , T <£> ^ <E> <fc 5 (C^T 

[ 0 0 4 8 ] 
[ft 1 3] 

[ft 1 8] 

[ 0 0 5 0 ] 
[ft 1 9] 



[ft 1 6] 

^jl^fcS^-r^CtfC^oT, f (n, , n, , 

[ 0 0 4 9 ] <¥-0DiSJ^^@lfl£^££-t£3 (givi 
ng rise to) i^©K»«St>1l-3(tf It te^ 
[ft 1 7] 



<Z>JStt, n, , n, fC«toT^$nfcfiIi:'>7hl/ 
fc^-^/h-fe^ (3) £Stt)©i:ltffiV^nT^ 
S. CCDct oUl&miZjl V . £StCf (x, , x,, t 
, )- « 
40 [ft 2 0 ] 

("l*n 2 ) 

±Tfc«— 3£T*S£l>3{EJ£fc»-3€r, it (12) ft 

[ 0 0 5 1 ] 
[ft 2 1 ] 



5£ (13) <h (14) ^it^^-S^l tic ckO. &<DZ£ 50 #38 <E> & £ „ 



( 9 ) 
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15 



16 



[ 0 0 5 2 ] 



[»2 2] 



<15>; 



Hf&SI^^Cm, , mi , k, n, , n, 

(3) \z&^t tmmizMfRtsnz. 

[ 0 0 5 3] ^9(C(i, gi&LSV PSF©^^©1 
[|23] 

A 'r 

±K^£*lT^£o ^lC*5tiT, - :> 3 > (jiifc) ffi 
5E£lz&m~T:$>Z> C <h> & (m, , m r ) 7 3S«f'ti 

$ntt^. (x, , Xl ) ?gratt; i^Kt, k*5W-* 

[&2 4] 

6 9 {CckoTSbntv^. r^-^^T. cor«i 

tc. {&mm&±: y*r7 6 8 ICcfcoT r— J§j $ 

^ (15) Ki;fe^T«f£S*lfc«ttL S V PSFH 



[»25] 



6 9±tC r^^Ebfcj (dwelled ) {&Mm&±>V 6 8 
fr*5, 5£ (1 5) JC^$tlTU*te*tt, -fe y-VTrt- 



6 8 \z£-?T-m zntcWtt 7 1 1. mmmm^y 

[^26] 

Vl r < n l' n 2> 

6 9©ra©lttM«l«*^lT)&:^. 
10 [ 0 0 5 4 ] ^EEP S F CDgtfcB 

S£ (1 5) KcfcoT3fc#£>n*tf ttlffl& 
[S2 7] 

Ar r C-) 

\z. 2-D<D5--7,z^-r. m i co^r-x-eti, ^ijj:£3I 
MW^ns. ccofM^&te. ^l^^tb^jiiico 

[ 0 0 5 5 ] i) g fc^a a 
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